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Why the Bank of Israel Intervenes in the Foreign Eghange Market,

and What Happens to the Exchange Rate

Sigal Ribon

Abstract

The Bank of Israel renewed its intervention in fik@ign exchange market in early 2008 after
about a decade of not intervening. This study eramthe effect of the Bank’s purchases on
the shekel exchange rate. The two-stage estimagiproach provides the opportunity to
understand the factors influencing the timing acmpg of the intervention. The results of the
estimation show that the Bank of Israel's purchasedributed to a depreciation of the
shekel. The average monthly volume of purchasepdnods in which the Bank of Israel
actually intervened in the market, approximatel@@énillion, contributed to a depreciation

in the nominal effective exchange rate that wagelaby about 0.6 percent, compared with a
month with no intervention. The level of foreigncbange reserves (relative to GDP) and the
deviation of the real exchange rate from its loagrt equilibrium level tend to increase the
volume of purchases by the central bank. Suppofidaning against the wind" behavior by
the central bank was also found. The results sugdigatsthe "signaling channel" is important

in explaining the effect of intervention on the bange rate.



1. Introduction and a Short Review of the Literature

Since March 2008, the Bank of Israel has beenvateng in the foreign exchange market.
Following intervention on a large scale in Marcl®20given the exceptional appreciation and
volatility of the exchange rate at that time, thanB of Israel (Bol) began intervening on a
predetermined scale—first $25 million daily, and & year beginning in July 2008, $100
million daily. Since mid-August 2009, the Bank afrdel's intervention in the market has

been in variable amounts at its discretion.

The purpose of this study is to examine whetherBaek of Israel’s intervention in the
foreign exchange market has had an effect on th@nad exchange rate. In order to do this,
and as a byproduct of the examination of the exghaate, we propose a description of the

factors affecting the volume of purchases by the#raébank.

Intervention in the foreign exchange market is@ td monetary policy, in addition to the
primary tool—the interest rate set by the centallb It is conducted while maintaining the
declared interest rate. In other words, the Baitsrivention is sterilized—it adjusts the supply
of domestic currency liquidity so that the declanegrest rate is maintainédThe analysis

described here tests the effect of the interverdgiothe exchange rate, given the interest rate.

The main difficulty in estimating the effect of th@ervention on the exchange rate is its
endogeneity—the decision to intervene (in this casechase foreign currency) depends on
the evolution of the exchange rate. Estimation ewtraddressing this problem may therefore
yield results contrary to those expected. One efdhstomary solutions to the endogeneity
problem is to use daily or intraday data for in&tron, assuming that the change in the
exchange rate during the short time examined mlysal response to the intervention carried
out at precisely the same time, and that the detisi intervene was taken (slightly) earffer.

The disadvantage of that approach is that it m#tkpsssible to test only a very short-term

! In addition, starting in mid-2013, the Bank ofdst has intervened in the market as part of a
program of purchases in order to offset the eftéatatural gas production in Israel on the
exchange rate. See press release by the Banlkaef tated May 13, 2013.
http://www.boi.org.il/len/NewsAndPublications/Pregsttises/Pages/13052013m.aspx

% Throughout the period the level of the interest mas always positive. Starting from March
2015 until the end of the sample, it was 0.1 pdr(®ee Figure 9).

% The use of daily data can also be advantageotiseiframework of estimation at lower
frequencies. See Gertler and Karadi (2015) and'stiso propose using daily data from the
capital market to identify monetary shocks in therfework of a VAR model with monthly
frequency.




effect of the intervention on the exchange rateotAar method, which enables the use of
lower frequency data and that is employed her® @oxy the intervention with instruments
that are correlated with it, but not with the sheti the exchange rate. The disadvantages of
this method are the difficulty in finding instrumahvariables with the desired characteristics
and the possible dependence of the results onghlgction. The advantage of this approach
is that it allows the analysis of the factors difeg the central bank’'s decision to intervene
and the reaction of the market at frequenciesat@amore meaningful from a macroeconomic
perspective. Neely (2005) reviews the empiricabaesh in this area, and cites two common
types of analysis: event studies and the use dy daia. In his review, he cites only two

articles that use monthly data.

The two key conventional channels through whiclervention in the foreign exchange
market is assumed to affect the exchange rateharpottfolio channel and thesignaling
channel.* According to theportfolio approach, by conducting sterilized forex purchases, the
central bank increases the supply of assets in skieneurrency. The result is excess supply
of domestic assets. Under the assumption that 4kets@ are imperfect substitutes and that
individuals are risk averse, the exchange rate {aadnterest rates) should respond in order
to return to equilibrium. If we assume that theofshiterm) interest rate is fixed, then the
exchange rate must react to restore equilibriumnyMgtudies in the 1980s and 1990s dealt
with the effect of intervention on the exchangeerahainly in the US and other advanced
economies. Edison (1993) reviews the papers relatirthe portfolio channel approach, and
concludes that in most cases, there is no evidérateintervention had any effect on the
exchange rate through this channel. It is reasen@bhssume that in order to affect the price
of foreign currency via this channel very large mfitees must be brought to the market.

Therefore, the possible effect depends on thetyakdlido so.

The second approach is tlsggnaling channel—intervention in the foreign exchange
market signals to the public the central bank’sntibn to take action to prevent the
strengthening of the domestic currency (at leasbtae extent), and possibly also to maintain
an accommodative monetary policy. It therefore gates both expectations of a devaluation
as well as an actual devaluation. One possiblel@molvith this approach is that the public is
sometimes unaware of the interventions and thejpescThe same paper (Edison 1993) notes

that several articles found that intervention haohe significant effect on the exchange rate

* See also a theoretical and empirical discussi®aimo and Taylor (2001).
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through the signaling channel. Kaminsky and Lewi996) discuss the extent to which
intervention by the central bank signals future gtary policy—that is, how much additional
information for market participants about futurelipp is incorporated in the intervention.
They find that the exchange rate tends to moveifgigntly in the direction implied by

intervention only when interventions are followeg rhonetary policy that is consistent with
the direction of intervention. When intervention f@lowed by movements in monetary
policy in the opposite direction, the exchange ralgo tends to move in the opposite

direction.

Among the studies published in recent years, adaitty Villamizar-Villegas and Perez-
Renya (2015) from Colombia's central bank presantsp-to-date survey of empirical studies
in the field, and notes that only a few theoretstaldies dealing with the question have been
published. Most of the studies mentioned in théewgvelate to the US and Germany, and use
various statistical methods, mostly analysis ofyddata, therefore examining whether the
intervention has an immediate effect on the exchaiage. Only a few studies use intraday
data or data with lower than daily frequency. Ththars summarize the results of the articles
by saying that the effect is small and short-teMenkhoff (2013) reviews the studies
examining the effect of intervention in developinguntries, where intervention is more
frequent, and where the institutional structuraliféerent than in advanced economies. He
reports that the studies usually find an effectt@exchange rate, and the results for an effect
on volatility are mixed. A large majority of thetiates they survey also use daily data or
intraday data; only a few use data with lower frezgey. Adler, Lisack, and Mano (2015) are
among the few recent articles that use data withetothan daily frequency. Using
instrumental variables for monthly data for a pasfedountries, they find strong evidence that
intervention has a statistically and economicalgnsicant effect on the exchange rate—
purchasing volumes amounting to one percent of @lbfease the nominal and real exchange
rate by 1.4-2 percent. Adler and Tovar (2011) aise panel data. Their sample contains
weekly data for 15 countries (including Israel) 2004-10, but excludes the crisis years
(2008-09). By using two-stage least squares (2%is8ination for the panel, they find that
sterilized intervention slows the pace of appréamtbut that the effect is smaller when the
economy is more open to capital flows—interventdrd.1 percent of GDP in a given week
slows appreciation by 0.3 percent. They also fivat the intervention is more effective when
the appreciation in the exchange rate is “excesslueorder to help solve the endogeneity
problem, they examine only periods of time arourajamglobal shocks that are exogenous to
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the examined countries. Daude, Levy Yeyati, andedggst (2014) estimate the effect of the
intervention on the real exchange rate for a pafhdl8 developing economies in 2003-11
using monthly data. They find that interventiorefiective, and has a greater effect the more
the exchange rate deviated from equilibrium. BlamdhAdler, and de Carvalho Filho (2015)
examine whether intervention can weaken the etfecapital inflows on the exchange rate in
the examined countries. They instrument endogermaystal inflow using global capital
flows, which they assume are exogenous to the sew@homies being examined, in the
framework of a VAR system. According to the capitalvs model presented in the paper, the
intervention is expected to be accompanied by taoggital inflows (because the risk is
smaller), but with a smaller effect on the excharage. Despite the difference in exchange
rate regimes between countries, according to thena®d VAR system, the currency
appreciates in all of them in response to capitébws. For the group of countries that
interveng, it was found that exchange rate appreciatioeéponse to capital inflows was less
than in the other countries. A relatively new detiby Duran-Venegas (2015) examines the
effect of the intervention in Colombia using dailgta and finds that only when the actual rate

is sufficiently distant from this rate is the intention effective.

In an empirical paper, Fratzscher et al. (2015)rera the effectiveness of intervention,
using a unique database containing daily data f88ntountries (including Israel) in 1995—
2011. In general, they conclude that the intera@angsucceeded in smoothing the exchange
rate under all types of exchange rate regimes. Tl that in floating exchange rate
regimes, intervention was less successful in teoisnovement of the exchange rate—
approximately 60 percent of the cases—and was sureessful when the intervention was
larger and in accordance with the long-term (threars, on average) trend and direction of
the exchange rate, and when it was accompanieceblyat bank communication with the
public.

Summarizing a 2013 conference at the Bank for mattgonal Settlements (BIS) dedicated
to the subject of the foreign exchange market atetvention, Mohanty (2013) writes that the
central bank representatives who attended the warde did not fully agree on how effective
intervention is. The consensus was that intervartauld reduce volatility, but it was unclear

to what extent it could offset a change in the louuim exchange rate. Participants were of

® The study classifies Israel as a floater, rathentan intervener, because its degree of
intervention is less than that of the median countr
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the view that intervention could work as a sigreahd that it was more effective when
accompanied by supplementary measures such agctiess on capital movements.
According to a BIS survey ahead of the confereapproximately 80 percent of the central
bankers thought that intervention was partiallycompletely successful, and some asserted
that it had a long-term effect. A paper preparedtfe conference by Flug and Shpitzer
(2013) describing Israel’'s experience with inteti@m in the foreign exchange market
discusses in general the need to intervene—firgg th the desire to increase foreign
exchange reserves and contribute to market funoggnand later, to moderate the
appreciation, thereby supporting exports. The disicun of the empirical test by the Bank of
IsraeP describes a 6.7 percent effect on the exchangeaabne year from the beginning of
the intervention, and deduces, based on otherestudi0.7 percent contribution to growth at
the time. It is also stated that the mechanismtrimmsmitting monetary policy through the
exchange rate is weakened when the interventiotoimglucted during a period of rising
interest rates (as was the case from late 2000lat&i2012)—in other words, working in the
opposite direction. Another BIS article by Chutpanich and Yetman (2015) cites the gap
between the high value placed by central bankethemeffectiveness of intervention and the
research findings, which do not yield unequivoaduits. In the model presented in their
article—with market participants operating in therent account and speculators operating in
the capital account and responding to interestd#fierentials and the central bank, they find
that intervention reduces exchange rate volatiity also reduces the risk to speculators and

increases the volume of their activity.

A related strand of literature examines the deteamis of foreign exchange intervention
by central banks. The main two motives for inteti@n usually empirically tested are the
deviation of the (hominal) exchange rate from a mgwaverage trend and the volatility of the
exchange rate. Baillie and Osterberg (1997) firmingia probit model for the probability of
intervention, evidence for these two motives fa S and Germany. Kim and Sheen (2002)
find in addition that the interest rate differelgjgprofitability of intervention for the central
bank and foreign currency reserve inventories afsmtivate intervention. More recent
examinations of the reasons for intervention, ugirapit, ordered probit, or friction models
for daily data are Horvath (2006) for the Czech l#ijc who finds that the inflation target

regime is a constraint on intervention; Ito and Y4B007) for Japanese data who find support

® This refers to the study by Sorezcky (2013).
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for a "leaning against the wind" policy, and Ozhd@rokhorov (2008) who find that a linear
model or a threshold model describes the Turkisérwention, depending on the regime of

the exchange rate market—floating or managed float.

Even though the Bank of Israel has been intervemnfpe foreign exchange market for
several years, only one study analyzing the intgiwe has been published in Israel
examining the effect of the foreign exchange maiké&trvention on the exchange rate.
Sorezcky (2013) tested whether the interventiarfiected in an exchange rate that deviates
from the one expected based on a VAR system usinggaation for the exchange rate
excluding the variable describing the interventibte found that most of the effect was
obtained at times when there was a change in theacter of the Bank’s intervention—the
transition from fixed purchases of $25 million paay to $100 million per day, and the
transition to variable purchases. He found that difeerence between the forecast rate
(without intervention) and the actual rate decrdagering the first half of 2009, but grew

larger again with the announcement of a transtiointervention in variable quantitiés.

This study focuses on the Israeli economy staitin§eptember 2009, when the Bank of
Israel moved to purchasing variable amounts ofigorecurrency by discretion, with no
commitment in advance to a fixed amount, in contt@she case from March 2008 until that
time. Despite the very short period available to fosusing on a period featuring a single
clear exchange rate regime facilitates a more ghreXamination of the effects of the
intervention and allows the drawing of conclusiabsut the effectiveness of the intervention
in this regime. Examining the effect of the intertten on the exchange rate is based on the
identification of the factors affecting the supmfy and demand for, foreign currency when
one of the factors is demand from the central baids—its intervention in the foreign

exchange market.

The analysis herein is conducted with monthly fesgty data, for several reasons. The
first is that essentially, from a macroeconomicspective, monthly frequency is more

relevant when considering whether the exchangeresigonds to intervention. Second, the

" There are studies examining the subject in thedmaork of a panel of countries in which
Israel is included.

8 Gamarsani, Nathan and Stein (2009) find in an hlighed memo that for data until mid-
2009, when intervention was on a pre-announced &allme, that interventions caused the
exchange rate to depreciate on the day of inteiwerdand it is mostly related to news
regarding the intervention. Using intra-day datheyt find that BOI's interventions
announcements have a weak and temporary effectadketrexpectations.
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monthly data are published, easily accessible kaoe/n to the public, and therefore it can be
assumed that the public is able to respond, fomgka with its expectations, to quantities

known to them.

Estimation in a panel data framework, as was danmany studies on this topic, has an
advantage—the cross section variance provideshligyao characterize links between the
economic variables from a broad perspective. Yehatsame time, such estimation usually
makes it difficult to fully address the specificnehitions in each economy, and the changes
that took place in that economy’s structural feagurThis is particularly prominent in
specifying the exchange rate regime on the basaspairtial period and the difficulty in taking

into account changes that have occurred in theaggghrate regime.

The main findings of this study are that the inggvon conducted since mid-2009
contributed to the depreciation of the nominal @ffee shekel exchange rate, at least in the
same month. The estimated effect of interventiorpasitive and significant for various
specifications of the instruments. We find thatiacrease of $100 million in the monthly
intervention is expected to increase the rate pfa®ation of the nominal effective exchange
rate by 0.07—0.09 percentage points in that morite. monthly volume of purchases in the
period when the Bank of Israel actually intervemedhe market averaged approximately
$830 million (about one third of one percent of @nGDP). According to the estimation
results, such intervention makes the depreciatiothé nominal effective exchange rate 0.6
percent larger, compared with a month with no weation. Estimating the effect on the
exchange rate using a variable describing the jibtyaof intervention in the market each
month yields a higher effect, with effective exchamate depreciation larger by about 1.1-1.4
percent on average, compared with a month witmtervention. These results are consistent
with the hypothesis that intervention has an eftBocbugh the signaling channel, not only
through its effect on the portfolio. In additiomesults of the estimation by subperiods support
the hypothesis that the effect of the interveni®itarger when it is implemented against the
backdrop of an accommodative interest rate pokioynpared with a situation in which the

interest rate policy is working in the oppositeegdifon. According to the estimation, this

® For example, see the classification of Israel iatZscher et al. (2015) as an economy with
an exchange rate within a band—an identificatiomctviis no longer valid—probably on the
basis of an examination of the exchange rate pdicyhe beginning of the period they
examine.



effect is of the same magnitude as a reductiomefiriterest rate by the central bank of 0.25

percentage points.

The estimated volume of intervention generally seds in following the actual volume
of intervention, including the months in which teevas no intervention—from August 2011
to March 2013. The ratio of foreign reserves to GDénhtributes to explaining the
intervention. The significant effect of the deweti from the long-run equilibrium real
exchange rate indicates that this consideratiom gusdes the central bank. A negative effect
of an increase in exports on the scope of intereenhdicates that support for the exporting
sector is also among the considerations for intdiee. A negative coefficient for the
(lagged) exchange rate and a positive contributiothe standard deviation of the exchange
rate (in some of the specifications) are consistdtit considerations of reducing volatility
according to the "leaning against the wind" apphodte tests conducted also show that the
total amount of purchases is better explained thanpurchases excluding the natural gas
plan’® This result indicates that although the annualin® of purchases according to the gas
plan is announced in advance, the actual volumaanfthly purchases is apparently affected

by the market conditions.

The paper has five sections. Section 2 presentseshienation framework. Section 3
presents the estimation results, Section 4 dissusstEmation for sub-samples, and Section 5

concludes.

2. The Estimation Framework

The primary goal of this study is to identify thgtent of the effect of foreign currency

purchases by the Bank of Israel on the nominal &xgé rate.

The framework for the analysis is relatively sthafgrward, based on a description of the
foreign exchange market as a perfect market at ohrates (short-term) equilibrium. In other

words, the shekel exchange rate against otherrmie®is determined by supply and demand.

In a simplistic description, the supply and dem#ordoreign currency are associated with
changes in the balance of payments. Exports of @l services and capital imports
generate a supply of foreign currency, while impaftgoods and services and capital exports

10 see footnote 1.
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generate demand for foreign currency. These floegedd on factors such as economic
activity, interest rate differentials, and the maved risk of the economy. The estimated
equation describes in a reduced form the factotsrikning the nominal exchange rate at

equilibrium in the short term.

The identity of the balance of payments expredse®tiuivalence between the surplus in
the current account and the capital accbumind the economy’s overseas investment

surplus'® We can write:
(1) CA = FDI_net + Short_net + Bol_pr,

where CA is the surplus in the current account tlwedcapital account, FDI_net is direct
net overseas investment, Short_net is net shart-ta&pital exports, and Bol_pr is foreign
currency purchases by the Bank of Israel. A reddoedh of the equation for the exchange
rate (e) in equilibrium may be derived from (1):

0 ®) (+)
(2) e = f(CA, FDI_net, Short_net, Bol_pr),

and in terms of rate of change:
(2) Ae = f(A(CA), AFDI_net,AShort_netABol_pr)

Since the quantities and prices are determined l&maously, and in order to avoid
endogeneity, we estimate the change in the excheatge(in the second stage) using the
estimated value of the intervention from the fs&tge, as one of the explanatory variables.
Finding adequate instrumental variables that ameeladed with the intervention but are
uncorrelated with the residuals of the exchange egjuation is not an easy task. Statistical
tests help us determine whether the identifyingaldes are sufficient in preventing (too large

a) bias in the estimator.

" The current account includes trade in goods amndcss, primary income and secondary
income. The capital account includes net remurardbr labor of Israelis overseas, income
(interest, etc.) from overseas investment, curranisfers and transfers on the capital account.
12 Summarized in the financial account of the balasfqeayments.

3 The approach taken here is very similar to the mmesented in Adler and Tovar (2011),
where it is used for weekly data in a panel of ¢oes. It differs from the methodology in
Daude, Levy Yeyati, and Nagengast (2014), whered#peendent variable is the short term
deviations of the real exchange rate from its lterga (estimated) level, and the intervention
Is substituted with the ratio of M2/GDP as an iastental variable.
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2.1 The Bank of Israel’s Intervention

The estimated intervention by the Bank of Isra@rie of the factors describing the change in
the effective exchange rate. Nonetheless, the tseqfl the intervention estimation are
important in their own right in contributing to thenderstanding (retrospectively) of the
factors affecting the Bank of Israel’s behaviorcsirit switched to a regime in which the

quantity and timing of the intervention are vareabhd not predetermined.

As in other research, estimating the factors afigcthe intervention does not rely on a
complete theoretical model, albeit it retrospedyiveescribes the factors expected to affect
the extent of the intervention according to thevemional approaches (see also Sarno and
Taylor, 2001).

The literature mentions two major motives for atcarbank’s intervention in the foreign
exchange market: smoothing excessive fluctuatiothenexchange rate (leaning against the
wind) and minimizing deviations from the nominal ckange rate trend. Minimizing
deviations from the long-term equilibrium real eanhe rate and the need to increase the
foreign currency reserves in order to reduce thk t® the economy are also mentioned as

motives for intervention.

According to the Bank of Israel’'s announcementsthe public, the purpose of its
intervention was initially to increase the Banklsffael's foreign currency reserves up to a
quantitative target set and declared in adv&need which is “...appropriate to the needs of
the rapidly growing Israeli economy and its incregsintegration into the global economy

and global financial system”.

Later, after the outbreak of the global crisisatel2008, the Bank of Israel slightly altered
the way it explained its purchases of foreign aueye together with increasing the weight
given to the need to further increase the balariagainst the background of the world
economic situation and in the context of its ovepallicy ...” and it was stated that the
purchases (together with purchases of bonds thait ace during the same period)

contribute to “strengthening the ability of the romy to cope with the impact of the global

4 In the Bank of Israel's press release dated M&@h2008, a target of $35-40 billion is
declared.

(http://www.boi.org.il/en/NewsAndPublications/Preséases/Pages/080321f.aspx

The target was revised to $40-44 billion in the Bahlsrael’s press release dated November
30, 2008. In 2010 the target was raises to $65#B0n and in 2015 to $70-110 billion.

12



economic crisis, which impacts mainly the demarrdefgorts and the resulting slowdown in
economic activity. Furthermore these programs sugpe resilience of the financial system

and price stability*®

In early August 2009, in view of the appreciatioand in the shekel exchange rate, the
Bol declared that from that time on, it would taation “in the event of unusual movements
in the exchange rate which are inconsistent witbedying economic conditions, or when
conditions in the foreign exchange market are disdy.”° In other words, the emphasis
changed from describing the reason for the purchagsethe need to increase the foreign
currency reserves to responding to the state obtomomy and the behavior of the foreign
exchange market. Nevertheless, the Bol declardéldeasame time that it was “continuing its
daily purchases of $100 million in the foreign eache market.” A few days later, on August
10, 2009, the Bank of Israel announced the enduofhiases of a fixed amount. The Bank of
Israel did not explicitly state what would guidantdetermining the scope of its intervention

in the market.

Figure 1 describes foreign currency purchasesirggarh 2008 in millions of dollars,
marking the purchases in the framework of the das fin green). The substantial variance
during the period can be seen, including a relbtilang period in which the Bank of Israel
did not actually intervene in the market. It iscat$ear that the volume of purchases until mid-
2011 was usually larger than during the latterqukreven taking into account the purchases
in the framework of the gas plan. Although annuaktpases in the framework of the gas plan
were set and declared in advance at the annud) teee volume throughout the year was not

constant.

15 See the press release dated March 25, 2009.
http://www.boi.org.il/len/NewsAndPublications/Presdttises/Pages/090325e.aspx
16 See the press release dated August 3, 2009.
http://www.boi.org.il/len/NewsAndPublications/Pressttises/Pages/090803f.aspx
17 See the press release dated August 10, 2009.
http://www.boi.org.il/len/NewsAndPublications/Presdttises/Pages/090810e.aspx
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Figure 1

Foreign Currency Purchases by the Bol, Monthly Fregency, Millions of Dollars, and
the Effective Exchange Rate, March 2008-December 29
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* Transition from fixed amounts to discretionary purchases was declared on august 10, 2009

The current analysis of Bol intervention in theeign exchange market will refer to the
period after August 10, 2009, (starting with mowntbhta from September 2009), when the
Bol switched to foreign exchange purchases of wgrgimounts, at its discretion. Before then,
the purchases were known and set in advance, anda@sg the factors affecting the
monthly quantities purchased in the short ternrril@vant. Furthermore, it is reasonable to
assume that the mechanism for creating expectatindsthe behavior of the players in the

market are different when the purchases are aneausied known in advance.

Based on the Bank of Israel’s statements, and aind Adler and Tovar (201f)and
Adler, Lisack, and Mano (2015) the factors tested for affecting the amount pasel are
those that relate to the level of the foreign cuckereserves and the appropriateness of the

8 They include in the equation the lagged changihénexchange rate, the deviation of the
real exchange rate from the equilibrium exchange, rthe lagged appreciation rate, the
volatility of the exchange rate, and the laggetbrat the reserves to the money supply and
the debt.

¥ They include in the equation the lagged exchaatg the ratio of the level of the balances
to GDP or the money supply, the degree of dolléionaof the deposits in the country, and
measures of external shocks, such as VIX, inteadstdifferences, and additional variables.
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exchange rate to the economic situation—in othemdgjoindicators that are correlated with
the degree to which the exchange rate deviates tfhentevel believed to be consistent with
underlying economic conditiorf8.In addition, we treat purchases in the framewdrthe gas

plan separately. The equation was estimated witli furchases of foreign currency as the
dependent variable, with the purchases in the fwarle of the gas plan as one of the
explanatory variables, and in another version—thechpases excluding the gas plan. A
detailed list of the variables included in the mstiion is in the section below describing the

estimation.

3. The Estimation
3.1The Equation for Intervention in the Foreign Excharge Market

As described above, we estimate foreign currenaghases by the central bank, using
instrumental variables. The dependent variabl@aesnhionthly volume of dollar purchases by
the Bank of Israel, as published by the Bahk.

The equation is estimated in several specificatidhe dependent variable is total foreign
currency purchasé&sor foreign currency purchases excluding thoséhanftamework of the
gas plan. In addition, estimation of the probapitif intervention in the framework of a logit
model regardless of the scope of the interventian tested for the first stage. Tests for over-

identification and bias of the statistical inferenn the first stage were employed.

20 See footnote 17.

L For example, see the Bank of Israel press relgaisel December 7, 2015, “Foreign
Exchange Reserves at the Bank of Israel in Nove@®®5,” which includes information

about the Bank of Israel’s total purchases, andiath@ change in the reserves resulting from
the purchases in the framework of the gas plan.
(http://www.boi.org.il/len/NewsAndPublications/Pressttises/Pages/07-12-2015-
ForexRes.aspx¥Another press release, “Israel's Foreign Curréviagket in November 2015,”
published on December 8, 2015, contains informadioout the development of the exchange
rate, market volatility, and volume of the trading.
(http://www.boi.org.il/len/NewsAndPublications/Preséfases/Pages/081215-FX.aspx

2 Because the estimation is over a short period, @sol because to calculate the ratio of
purchases to GDP it is necessary to multiply byeakehange rate, an endogenous variable,
the estimation is for the nominal value of the pases in dollars. Furthermore, in the
framework of an analysis of supply and demand enftireign exchange market in the short
term, the absolute quantity of the purchases isdleant amount.
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Estimation of the Volume of the Intervention

Table la presents the results of the first stagehef estimation (Limited Information
Maximum Likelihood—LIML), which includes, apart fno the variables that appear in the
exchange rate equation, (and are shadowed in tie)tadditional variables in order to
identify the intervention. It appears that on thieole, the estimation is successful in tracking
the volume of the intervention, although it does$ siacceed in completely reproducing the
large purchases, mainly during the second parthef geriod (Figure 2). Although the
estimated volume of intervention is not restrictedbe zero or positive, the estimation
succeeds in producing a very low (for some per@aas negative) estimated value during the
period in which there was no actual interventionother words, in general, the decision not
to intervene during that period is compatible witie factors that explain the intervention
during other periods.

The results indicate that the effect of each fartoluded in the estimation on the volume

of the intervention is in the expected directfon.

According to the various specifications, it appei the Bank of Israel takes action to
prevent the exchange rate from moving away fronewell considered desirable. Various
specifications indicate that a larger positive feemted) deviation of the real exchange rate
from the long run equilibrium raté (in the previous month) tends to reduce intenenti

(purchases) by the central bafik.

The level of foreign currency reserves also affélaesvolume of intervention. The effect
of the reserves is significant, even though during estimated period the incentive for
purchasing foreign currency as it was officiallysdebed by the Bank, was no longer the need
to increase the level of resends!

2 |llustrations for the explanatory variables in@ddin the estimation are displayed in
Appendix 1.

24 My thanks to Roni Frish for the data on the deeiabf the real exchange rate from its
long-term level. These figures are a result ofdsimation of the long-term real exchange
rate which is explained by the ratio of per ca@faP versus the US, the terms of trade, and
the government weight in GDP. See Eckstein anddman (2010) for a methodological
discussion of estimating the long-term exchange rat

% A higher RE means a more depreciated real exchaege

%6 Because the variable of the ratio of the resetwv&DP is affected by the exchange rate, we
used the reserves, measured in dollars, divide@Dk in fixed dollar terms in order to avoid
an indirect effect of the shekel appreciation as tariable. See data in Appendix 1.

2" See footnote 14.
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Figure 2:
Actual Values and Estimated Values for Total Intenention by the Bank of Israel —

Specification (6) in Table 1a
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The development of the exchange rate in the previnanth does not have a significant
effect, but a dummy for an appreciation in the pashth does have a significant positive
effect on purchases in some of the specificatioadigh evidence for "leaning against the

wind" considerations of the central bank.

Capital inflows for direct investment in the econofat a one-month lag) do not generally
depend on differentials (between domestic and doréiterest rates), and can be considered
as exogenous to the exchange rate, but they dolmatetto pressure on the exchange rate to
the extent that they are accompanied by the colovers foreign currency into domestic
currency. It was found that larger FDI inflows imetpreceding month tend to significantly
increase the scope of the intervention (in soméefspecifications.) A larger interest rate
differential between the Bank of Israel interes¢¥sand the US federal funds rate, which acts

as an incentive for capital imports, is also catedl with a larger volume of intervention.

8 The Bank of Israel interest rate for a given mdsthet in advance (in the last week of the
preceding month), and therefore may be consideranjemous to the exchange rate
developments during the current month.
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We find that the economic situation affects theawatr of the central bank. An increase
in exports can, a priori, have two effects on tbume of the intervention. A larger volume
of exports increases the supply of foreign currenogosts currency appreciation, and
therefore may increase the desired interventiort, ¥e the same time, since one of the
motivations for intervention is activity in the ttable sector, especially exports, the increase
in exports reduces the need for intervention tgetpthe shekel value of exports. According
to the estimation, an increase in exports (in ttevipus year) has a negative impact on the
volume of intervention—in other words, the secondsideration outweighs the direct effect

of an increase in exports on the foreign exchangeken.

We also find in some of the specifications thaighér rate of 1-year (breakeven) inflation
expectations tends to reduce the size of purchigabe central bank. Due to the pass-
through from the development of the exchange mtibbmestic prices, though only moderate,
the higher the expected inflation is, the lower itiheentive of the Bank to support additional
depreciation of the shekel. This finding suppohis idea that other objectives of the central
bank, and in particular the inflation target franeekvaccording to which the Bank of Israel
operates, influences the Bank's behavior in thexfonarket. Horvath (2006) finds, in the case
of the Czech Republic, that the inflation targatsteains the central bank's intervention.

The volume of trade in the market by nonresideiats d positive effect on the scope of
intervention. The volume of purchases in the framdwvof the gas plan was found to have a
significant, and not different from unity, effech dhe total intervention in some of the

specifications.

A valid instrumental variable must be correlatedhwihe endogenous variable but
uncorrelated with the errors (shocks) in the seesiage estimation. When the instrumental
variables are "weak", the estimate obtained malpidged. We use an LIML estimator which
may be superior to an ordinary 2SLS estimator &eek, Wright, and Yogo, 2002). We test
the strength of the instrumental variables using Brartial R statistic, describing the
correlation between the endogenous variable (Bothases) and the additional identifying
instrumental variables. We also look at the FHessthe additional instrumental variables—a
significant value for the F-test indicates that #luelitional variables have explanatory power.
Stock, Wright, and Yogo (2002) recommend a valghéi than 10 in order to ensure useful
instrumental variables for a single endogenousabéei but we are not able to achieve such a

result. We test according to Stock and Yogo (200bgther the instruments are weak. The
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tests check whether a Wald test at the 5 perceat l@s an actual rejection rate of no more
than 10 percent or 15 percent. For most of theipattons presented in Table la the value
of the F-test indicates that the hypothesis of wieakkuments with an actual rejection rate of
more than 10 percent may be rejected. For somieeadpiecifications, the actual rejection rate

is not larger than 15 percent.

Figure 3 presents the annual cumulative estimatdédme of intervention according to
equation (6) in Table 1a, relative to actual volemAs seen in the figure, the estimation
depicts very closely the amounts purchased by thekPB both in years of massive

intervention, as in 2010, and in the period withintervention—as was during 2012.

Figure 3
Actual and Estimated Intervention According to Spedication (6) in Table 1a, Annual
Volume, 2009-15
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Figure 4
The Contribution of Identifying Variables to Explaining the Volume of the Intervention,

According to Specification (6) in Table 1a
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Figure 4 indicates the contribution of the ideritity explanatory variables according to
specification (6) in Table 1&.The level of reserves contributed to increasirgphrchases in
the beginning of the period and its effect becaegative later on when the level of reserves
increased. In 2013, the level of reserves relatveGDP was lower, and therefore the
contribution is positive. The volume of nonresiderdctivity in the market (relative to the
period's mean) was high in the first part of thequeand therefore worked to increase the
Bol's intervention in the market. In later yeals effect reversed. One year ahead inflation
expectations that were higher than the inflatiorgea range (1-3%) in the first years
contributed to moderating the intervention, whileecent years, on the background of below-
target inflation expectations, the Bank tended morease the intervention to support
depreciation of the exchange rate and its effetthe inflation rate.

2% The contribution of the variables is in terms lné deviation from their sample mean. The
figure relates only to the identifying variabless.j the explanatory variables that do not
appear in the second-stage exchange rate The sd¢rdifying variables is very similar to
that included in the estimation for the volumerdkrvention. The goodness of fit is evaluated
using the ratio of correctly classified observasiowhich is the accuracy of the model. For all
the specifications in Table 2a, more than 80 pedroain observations are correctly
classified.estimation.
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Estimation of the Probability of Intervention

As an alternative approach, we estimated a fitages equation for the probability of
intervention in the forex market in the framework @ Logit model. In the second stage
equation for the rate of change in the nominal otiffe exchange rate, we included the
estimated value for this probability. Table 2a dfigure 5 present the results of this
estimation. The Logit specification estimates thg of the odds for intervention—log(odds)

= P(intervene)/(1-P(intervene))—as a linear funcwd the explanatory variables.

Figure 5
Periods With or Without Intervention and the Estimated Probability According to
Specification (1) in Table 2a, September 2009-Decber 2015
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The set of identifying variables is very similar ttzat included in the estimation for the
volume of intervention. The goodness of fit is evaluatsthg the ratio of correctly classified
observations, which is thaccuracy of the modef° For all the specifications in Table 2a,

more than 80 percent of observations are corretalsified.

30 An observation is said to be correctly classiffetihe estimated probability for intervention
which is predicted is larger than 50 percent amdBhbl actually intervened in that month, or
if the probability is smaller than 50 percent ane Bank did not intervene.
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As seen in Figure 5, the model fits relatively wibk distinct periods with intervention—
until July 2011 and from April 2013, as well as theriod in between when the Bol did not
intervene for a prolonged period.

The indication for "leaning against the wind" beloavby the central bank in this
specification—which refers to the probability oftenvening rather than to the volume of
intervention—is stronger. The lagged change indtfiiective exchange rate or a dummy for
appreciation in the previous month have a signifigaositive effect on the probability to
intervene. A larger positive deviation of the exuhpa rate (excessive depreciation) and a
larger level of foreign reserves, tend to lower pinebability for intervention—similar to their
effect on the volume of intervention. We also fihat larger volatility of the exchange rate
increases the probability of intervening. The eooit environment, as manifested in the
growth of world trade, and inflation expectatiohaye a negative effect on this probability.

The tests for the instrumental variables (displagethe bottom of Table 2a) indicate that

we can reject the hypothesis that the instrumemstsvaak.

3.2The Exchange Rate Equation

The equation is specified in terms of the monthharge in the (log) average nominal
effective exchange rate. It is affected by variabkdated to the current account, those related
to the capital account, and by the (estimated) attarization of the central bank's
intervention in the market—estimated volume of iméation or the predicted probability of
intervention. The estimation is for data beginnim@eptember 2009, after the Bol declared it
would intervene by discretion in the market, andiluDecember 2015. The results are

presented in Tables 1b and 2b.

Generally, the estimated value of the change inekehange rate follows the actual
movements of the exchange rate, especially duhiaditst part of the analyzed period, and to
a lesser extent in the last few years. The cortighuof the estimated intervention to the

depreciation of the exchange rate is substantigl(g 6).

According to the estimations presented in Tabletié intervention by the Bank of Israel
contributes significantly to the rate of depreaatiof the exchange rate. For every $100
million of intervention, the exchange rate depregady an extra 0.07-0.09 percentage points.

The monthly volume of purchases in the period inicwhthe Bank of Israel actually
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intervened in the market averaged approximatelyY0$8Blion (about one-third of one percent
of GDP). According to the estimation results, sudkrvention makes the deprecation in the
effective exchange rate 0.6 percent larger, congpatith a month with no intervention. In

terms of percentages of GDP, intervention of thee 9f one percent of GDP increases

depreciation by about 1.8 percent.

Figure 6

The Actual and Estimated Change in the Effective Echange Rate According to
Specification (6) in Table 1b, and the Direct Conibution of the Intervention and the
Change in the Bol Interest Rate, September 2009—Damber 2015
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It is interesting to compare the contribution aé thtervention to the rate of change of the
exchange rate, relative to that of the interes, nahich is the major instrument of monetary
policy. The coefficient of the change in the ingtreaté" in the exchange rate equation
indicates that a 0.25 percentage point reductiothéninterest rate is expected to depreciate
the effective exchange rate by approximately anitiadél 1%. Figure 6 displays the

31 The variable in the equation is the change inittierest differential between the Bol
interest rate and the Fed interest rate. Howeher Fed's interest rate is constant at 0-0.25
percent during the whole period examined (exceptff.25 percentage point increase in the
middle of last month of the sample—December 2015).
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contribution of the actual intervention and actahhnge in the interest rate to the rate of
change in the exchange rate. Until mid-2011 the ingtruments—intervention and interest
rate—worked in opposite directions in similar magdes. Later, when the Bank did not
actually intervene in the market, the interest ratiictions contributed to the depreciation (or
smaller appreciation) of the exchange rate. Indkepart of the period, both intervention and

the accommodative monetary policy worked in theesdirection.

According to the estimation framework presentediezraiamong the factors explaining the
rate of change in the (log of the) exchange ragetlamse affecting the current account. The
lagged 3-month average surplus in the current attoearks to moderate the depreciation of
the exchange rate, as it increases the supplyreigio currency in the market. FDI inflows,
which may be generally considered as exogenoushdoshort-term developments in the
exchange rate, tend to also moderate depreciatithre @xchange rate. The demand for short-
term financial investment in the domestic marketeigresented by the change in the short-
term interest rate differential between the Isea@ the US, and has the expected significant
negative sign. A higher perceived country riskreesasured by the 5-year CDS spread, tends
to increase depreciation. A larger rate of chamgglobal stock markets contributed to the
appreciation of the domestic currency, possibly thuéarger volume of capital inflows to
Israel (and other countries) against the backgroofhda favorable global economic
environment. The cross-rate between the dollarcdiner currencies has a marginally negative

effect.

Table 2b presents the results for the second diaged on the estimatgdobability of
intervention. The explanatory variables and th@intdbutions are similar to those in the
specification with the estimated volume of intertvem described above. The average value of
the estimated probability to intervene, for theig#rwhen the Bank intervened (i.e.,
excluding August 2011-March 2013), is about 0.7B0.according to the various
specifications. Therefore, the implication of a fficeent of 0.015 to 0.018 is depreciation
larger by about 1.1-1.4 percentage points in a meiith intervention compared to a month
without intervention—a somewhat larger effect thiaet obtained using the estimated volume
of intervention (0.6).
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Figure 7 shows the actual and estimated rate aigehan the exchange rate, based on a
specification including the probability to inteneeas the first stage estimator. The fit is fairly
good and very similar to that obtained by usingdbmated volume of intervention for the
first stage.

Figure 7
The Actual and Estimated Change in the Effective Eshange Rate According to
Specification (6) in Table 2b, September 2009-Decéeerr 2015
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The Cumulative Effect of Intervention

Applying the estimation’s results for the internients contribution to the exchange rate, we
may evaluate the annual cumulative effect of thatreé bank's purchases. This summation
assumes that the change in the exchange rate dbe iotervention is permanent and is not
eroded in the subsequent periods. This is a stassgmption. Therefore, the estimate is an
upper limit to the effect of the intervention.

In order to evaluate a possible erosion of theceftd intervention, we included in the
second stage estimation, in addition (or as amnatize) to the contemporaneous volume of

estimated intervention, the lagged volume of edthantervention. However, due to high
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autocorrelation (0.6-0.7) in the estimated (andiaftvolume of intervention, when the
lagged value was included, the contemporaneousverigon lost its significance, while the
impact of the lagged intervention was positive aighificant. An alternative specification
with instrumental variables for the mean intervemtiin the current and lagged month
produces similar results to those of the basic iBpatton—a significant coefficient of a

similar size—suggesting that the erosion of therwgntion's impact is small.

Figure 8
The Annual Contribution of Estimated Intervention to the Change in the Exchange
Rate, According to Equation (6) in Table 1b, 2009-5L
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According to Figure 8, the intervention offset &stantial share of the forces that worked
to appreciate the domestic currency during thosesyeAccording to the estimation, during
the period when the Bank did not actually interyetieere did not exist forces for

appreciation, as represented by the estimation.

Estimating for Intervention Excluding the Gas Peogr

Since mid-2013, the Bank of Israel has purchaseeigo currency as part of a program to
offset the effect of natural gas production in ésran the exchange rate. The volume of

annual purchases within this program is announoeddvance each year by the Bank of
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Israel. The actual volume of purchases is repasted monthly basis in the month following

the intervention. The purchases during the yeanateconstant, but nonetheless do not vary
dramatically between months (see Figure 1). A piias hard to tell whether these purchases
should be treated as other discretionary purchasektheir effect on the exchange rate will
be similar to that of other purchases, or, bec#usg are known in advance, the effect of the

actual purchases will be insignificant.

The basic specifications that were presented abeferred to the total amount of
purchases as the first-stage estimated variablig tie gas program purchases were included
as an explanatory variable in some of the spetifioca with a coefficient not different from

unity.

An alternative approach, presented in Tables 3a Zmdestimates the effect of the
intervention on the exchange rate excluding thahefgas program. The results are similar,
although the results of tests for weak variables raarginal. The estimated effect of the
purchases excluding the gas program is very sintibarthat obtained in the baseline

specification.

We may conclude from this exercise that althougttipases within the gas program were
declared in advance (on an annual basis), theacei$ similar to that of other purchases due
to the fact that the volume of the gas-program lpages is not fully known in advance on a

monthly basis.

4. Estimating for Subperiods

The estimation of the factors affecting the evalntof the exchange rate and the first-stage
estimation for the intervention of the Bank of Eravere carried out for the period starting
September 2009, when the Bol switched to discratpmtervention, until December 2015.
Although the period analyzed is quite short, weestigate—to the extent possible—the
stability of the links between the variables ddsiog the foreign exchange market. The two-
stage system is estimated for a number of subperidbbde entire period is divided into
segments characterized by the nature of interventiatil July 2011 and from April 2013
actual positive intervention in the market, and between those dates, zero actual

intervention. The cutoff point of July 2011 alserdifies a reversal in monetary policy, from
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an upward trend in the interest rate to an acconamng monetary policy, with the interest

rate declining from 3.25 percent to as low as @tent (Figure 9).

Tables 4a and 4b present the results of the estimé&tr different subsamples. On the
whole, the results for the shorter samples are argkesumably due to the very small
number of observations in the partial samples. Nwless, the only subsample for which the
effect of the intervention is significant is thdttbe second part of the sample—starting in

September 2011, including the period when the Bbhdt actually intervene in the market.

Figure 9
The Bank of Israel Purchases and the Bol Interest &e, 2008-15

Q
S |
< -
Q
o |
S - ™
= 5
Eo
o L o]
F-%5 h-’ N2
8
S L
H ‘
o .||| " i : ||‘|I| | |II | S
I I I I I I I I I I I I I I I I
2008m3  2009m3  2010m3  2011m3  2012m3  2013m3 _ 2014m3  2015m3
2008m9  2009m9  2010m9  2011m9  2012m9  2013m9  2014m9  2015m9
date
Purchases-fixed amounts I Transition from fixed to variable*

_ Purchases-variable amounts _ Bol interest rate

Graph is saved in g_mth_iboi

* Transition from fixed amounts to discretionary purchases was declared on august 10, 2009

Two possible complementary conclusions may be dréwany carefully) from these
results. The first is that intervention is moreeeffve when it is accompanied by an
accommodative interest rate policy, as was the itaee second half of the period. There is
an ability to signal to the market by interventibat the policy is and will be accommodative,

and its credibility is greater when the interese npolicy works in the same direction as the
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intervention in the foreign exchange market. (See Rlug and Shpitzer, 2011 for Israel and
Kamil, 2008 for Colombia¥?

The second conclusion is drawn from the fact tiaittong the period without intervention
(column (6) versus column (1) in Table 4b) makesrirention essentially insignificant. This
result suggests that the signaling factor is furetatal and that the important indication is
whether the Bank is acting in the market or notj &m a lesser extent the volume of
intervention. This interpretation is also in linattwthe stronger results we obtained when
using the (estimated) probability that the BanK wmilervene, rather than the exact volume of
intervention in our estimation. The notion thatemention works mainly through the
signaling channel is also described by Kaminsky lagwlis (1996), who show that only when
monetary policy is consistent with interventione(j. accommodative policy alongside
purchases of foreign currency) is the effect okriméntion on the exchange rate in the
expected direction.

5. Concluding Remarks

Intervention by the central bank in the foreign lexoge market is a monetary policy
instrument used by many countries around the wanmldhe past and present. The Bank of
Israel has been intervening in the foreign exchangeket since March 2008 after not doing
so for over a decade. However, only very few swid@ncerning the effect of the intervention

on the exchange rate in Israel have been publighddte.

The objective of this paper is to assess whetmel by how much, the intervention by the
central bank affects the nominal exchange raterdier to do so, and as a by-product of the

analysis, we suggest a description of the factdhsancing the volume of the intervention.

A key difficulty in estimating the effect of thetervention on the exchange rate is the
endogeneity of the intervention—the decision temne (purchase) depends on the evolution
of the exchange rate. We estimate the factors taffeeche monthly rate of change in the

effective nominal exchange rate of the shekel, whthintervention being one of the factors.

32 Kamil (2008) examined the effectiveness of inteti@ in the exchange market in
Colombia, using daily data, and found that inteti@maimed at moderating the appreciation
of the domestic currency was more effective whemetary policy worked in the same
direction—namely, was expansionary.

29



In order to overcome the endogeneity of the intetiea@ we use instrumental variables for the

intervention in a two-stage estimation framework.

The main results obtained in this study are thatittervention conducted since mid-2009
contributed to the depreciation of the nominal @ffee shekel exchange rate, at least in the
same month. The estimated effect of interventiorpasitive and significant for various
specifications of the instruments. We find thatiacrease of $100 million in the monthly
intervention is expected to accelerate the depreniaate by 0.07—0.09 percentage points in
that month. According to the estimation resultg, #iverage volume of monthly intervention
during the period examined—about $830 million—citmtted to depreciation in the effective
exchange rate that is 0.6 percent larger than athmeith no intervention. Estimating the
effect on the exchange rate using a variable dasgrithe probability of intervention in the
market each month yields a higher effect, withdffective exchange rate depreciation larger
by about 1.1-1.4 percent, compared with a month wd intervention. The magnitude is,
according to the estimation, similar to the effetia 0.25 percentage point reduction in the

Bank of Israel's interest rate on the exchange rate

These results are consistent with the hypotheaisitiervention has an effect through the
signaling channel, not only through its impact dw tportfolio. In addition, results of
estimation for subperiods support the hypothess ttie effect of intervention is larger when
it occurs together with an accommodative interast policy, in contrast to a situation in

which the interest rate policy is working in thepogite direction.

Apparently, the estimated volume of interventionynteve been expected by market
participants, and therefore should have been ajrgaxbrporated into the price of foreign
currency so that we could not have detected argcefif the estimated intervention on the
exchange rate. The results indicate that this ighecase. It may be that the public does not
possess the same real time information as theatdaa@ank or, more likely, does not know the
intervention function of the central bank. In irMening, the central bank signals and reiterates
its intention to keep monetary policy accommodatiViee estimation describes in retrospect
the factors that affect the central bank's intetieen on a monthly basis, from a
macroeconomic perspective. The specific daily va@whintervention, which is not known in

advance to the public, may still have an effectt@mexchange rate, as was found here.
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The volume of intervention estimated in the fitsige generally succeeds in following the
actual volume of intervention, including the monihsvhich there was no actual intervention
(from August 2011 to March 2013). The ratio of tueeign exchange reserves to GDP
contributes to the explanation of the interventibhe significant effect of the deviation from
the equilibrium real exchange rate indicates th& tonsideration also guides the central
bank. A negative effect of an increase in exportdhe scope of intervention indicates that
support for the exporting sector is also amongcthesiderations for intervention. A negative
coefficient for the (lagged) exchange rate andstpe contribution of the standard deviation
of the exchange rate (in some of the specificajians consistent with the "leaning against

the wind" approach.

The importance of understanding the effectivenesk usefulness of intervention in the
foreign exchange market as an additional instruroéntonetary policy, and at the same time
the challenge in identifying it due to its endoggnecall for further investigation of the issue

in order to establish and confirm the results atgdiin this study.
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Table la: First-stage estimation of foreign exchargpurchases, 9/2009-12/2015

k

Equation 1) 2 3 4) ®) (6)
A(Bol — US federal funds rate 1.03** 1.19** 1.51* | 1.30** | 1.14* 1.17*
differential)”

A (dollar-currency basket exchange -5.3 -4.7 -3.6 -5.3 -4.7 -9.5%*
rate, [dxy])”

A (Israel's5-year CDS index) # -1.22 -1.12 -0.61 -0.38 -0.58 -0.43
FDI capital inflow 0.09* 0.09* 0.07 0.09 0.04 0.09*
A (MSCI index, 3-months average) 2.62 2.90 7.75* 8.57** 9.51 7.26*
L.(current account, 3-months averaf( 47.2* 53.8** 49.1** 41.7* | 46.7** 34.2
Purchases in the framework of the gas 0.42 0.93* 1.10** | 1.18*

program

L.(Deviations from the real exchange -8.8** | -10.5** | -6.12* -5.54* -5.32 -0.09***
rate equilibrium, 3-month average)

L.(Forex reserves to GDP at a fixed 95 -9.9 -12.95%* -11.84** | -11.9* -13.2**
exchange rate, deviation from sample

mean)”

L.A(effective exchange rate). -8.4

L.(Dummy for negative change in the 296.4 217.3 229.2* 338.0**
effective exchange rate).

L.(FDI capital inflow, 3-month 0.14* 0.09

average, deviation from sample mean),

lagged

Volume of foreign currency trading by 0.58*** | 0.53*** | 0.48*** |0.42*** |0.44*** 0.56%**
foreigners, deviation from sample mean

L.(The change in export volume, 12-| -45.7** | -49.4%**

month average§.

L.(change in the 12-months inflation -290.6 -183.5

rate)

1 year break-even inflation -356.4***
expectations

Const. 2414 2660 -387.5f -385.7* 3223* 4046*1
Adj. R? 0.46 0.44 0.45 0.43 0.41 0.47
Partial R 0.33 0.29 0.32 0.29 0.25 0.33
Min. eigenvalue stat. (F) 5.07 5.22 4.24 4.33 4.34 6.37
(p-value) (0.00) | (0.00) | (0.00) | (0.00) | (0.00) | (0.00)
F for weak instr. (LIML) 4.45/3.34 4.84/3.56| 4.18/3.184.45/3.344.84/3.56 4.84/3.56
p-value for overidentification 0.37 0.27 0.64 0.81 0.79 0.71

# Coefficient divided by 1,000. * Significant witt0%, ** 5%, *** 1%.
L. = lagged 1-monthA=Delta log, difference for interest rates
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Table 1b: Instrumental variables LIML estimation of rate of change in the nominal
effective exchange rate, 9/2009-12/2015

Equation (1) (2) (©)) 4) (5) (6)
Estimated intervention » 0.00751  0.0075 0.0070* | 0.0082* | 0.0090* 0.0082*
A(Bol — US federal funds| -0.044*** | -0.044*** | -0.044*** | -0.045*** | -0.046*** | -0.045***
rate differential)

A (dollar-currency basket| -0.14* -0.14* -0.14* -0.14* -0.13 -0.14*
exchange rate, [dxy])

A (Israel's 5-year CDS 0.08*** 0.08*** 0.08*** 0.08*** 0.08*** 0.08***
index)

FDI capital inflow -0.004***| -0.004*** | -0.004*** | -0.004*** | -0.004*** | -0.004***

A (MSCI index, 3-months| -0.26*** | -0.26*** | -0.25*** | -0.26*** |-0.27** |-0.27* **
average)

L.(current account, 3- -1.55%%* | J1.65%* | ] 52%* | -1.62*%F*  |-1.67**  |-1.62* **
months average)

Const. 0.017 0.017 0.017 0.018 0.018 0.017
R® 0.24 0.24 0.25 0.21 0.18 0.21
RMSE 0.0113 0.0113 0.0112 0.0115 0.0117 0.0145

" Coefficient multiplied by 1,000 coefficient divided by 1000. * Significant with %) ** 5%,

*** 1%, &-p-value is 0.11

L. = lagged 1-monthA=Delta log, difference for interest rates. A pagtchange in the

exchange rate=depreciation
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Table 2a: First-stage Logit estimation of probabilty of intervention, 9/2009-12/2015

Equation

(1)

)

(3)

(4)

(5)

(6)

L. A (effective nominal
exchange rate)

-124.6%**

--124.6%**

-05.2%**

-75.3**

L.(Dummy for appreciation
larger than 1%)

2 .9***

2'6***

A(Bol — US federal funds rate
differential)

11.6%*

12.0%**

7.24**

11.1%**

6.4**

L.(Deviations from the real
exchange rate equilibrium,

3-month averagé)

-08.0***

-08.4***

-70.2%**

-95.3***

-72.5%**

-58.2%**

L.(Forex reserves to GDP at

fixed exchange rate, 3-month
average}

-88.4*

-89.3**

-72.9%**

L.(Forex reserves to GDP at

fixed exchange rate, 6-montt
averagef

-61.6**

-143.8***

-79.0%**

L.monthly standard deviation
of effective exchange rate

664.0**

666.1**

632.5**

Volume of foreign currency

trading by foreigners,
deviation from sample mean

-.0003

L. A (goods exports,
12-months average)

-97.3*

-89.0

-63.6

L. A (world trade index,
3-months average)

-123.7%**

1 year break-even inflation
expectations

-1.55%**

Const.

22.3**

22.5%*

14.79**

39.9%**

21.5%%*

23.2%*

Correctly classified

0.84

0.83

0.83

0.81

0.83

0.7

Pseudo R

0.39

0.39

0.36

0.43

0.33

0.31

Partial R

0.25

0.24

0.19

0.22

0.20

0.27

Min. eigenvalue stat. (F)
(p-value)

23.0
(0.00)

21.7
(0.00)

16.2
(0.00)

19.5
(0.00)

17.3
(0.00)

24.6
(0.00)

F for weak instr. (LIML)

16.38/8.96

16.38/8.4

D@.6.38/8.96

16.38/8.96

16.38/8.96

16.38/8.9¢

* Significant with 10%, ** 5%, *** 1%

L. = Lagged 1-monthA=Delta log, difference for interest rates
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Table 2b: Instrumental variables 2SLS estimation ofate of change in the nominal
effective exchange rate, 9/2009-12/2015

Equation Q) (2) 3) (4) (5) (6)
Estimated probability of 0.018** 0.018** | 0.020** 0.01f 0.016** | 0.014**
intervention (IV) »

A(Bol — US federal funds -0.05*** | -0.05*** | -0.05*** |-0.04*** |-0.05*** 10.04* **
rate differential)

A (dollar-currency basket -0.21** -0.21** -0.21* -0.20** -0.20** | -0.20**
exchange rate, [dxy])

A (Israel's 5-year CDS 0.07*** 0.07*** 0.07** 0.07** | 0.07*** |0.07***
index)

FDI capital inflow » -0.004*** | -0.004*** | -0.004*** | -0.004*** | -0.004*** | -0.004***
A (MSCI index, 3-months -0.27%* | -0.27** | -0.28*** | -0.24*** |-0.26%** |0.25* **
average)

L.(current account, =247 -2.50%* | 2. 71 | -1,092%* -2.34* | -2.13*
3-months average)

Const. 0.017*** | 0.017***| 0.017** | 0.016** | 0.017* | @17**
R? 0.12 0.11 0.03 0.17 0.17 0.23
RMSE 0.0121 0.0122 0.0127 0.0109 0.0118 0.01

" Coefficient multiplied by 1,000. * Significant with0%, ** 5%, *** 1% , $- p-value is 0.16.

&-p-value is 0.12.

L. = Lagged 1-monthA=Delta log, difference for interest rates. A pagtchange in the

exchange rate=depreciation.
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Table 3a: First-stage estimation of foreign exchargpurchases excl. gas program,

9/2009-12/2015

3

Equation D 2) 3) (4) (5)
Intervention according to the gas 0.10 0.18 0.25 0.17 0.10
program

A(Bol — US federal funds rate 1.30** 1.14** 1.10** 1.18** 0.62
differential)”

A (dollar-currency basket exchange -5.30 -4.76 -4.96 -5.17 -5.66
rate, [dxy])”

A (Israel's 5-year CDS index) # -0.38 -0.58 -0.48 -0.50 0.78
FDI capital inflow 0.10 0.04 0.09 0.08 0.07
A (MSCl index, 3-months average) 8.57** 6.51 7.45* 5.63 9.54**
L.(current account, 3-months averag{ 41.7* 46.7** 46.0** 38.1 59.6**
#

L. A (effective nominal exchange rate) -6.46

A.(6m. yield-Bol interest raté) -1.49*
L.(Deviations from the real exchangg -5.54* -5.32 -4.85 -5.85* -3.74
rate equilibrium, 3-month average)

L.(Forex reserves to GDP at a fixed | -11.8** -12.0%* -11.2* -12.0** -10.7*
exchange rate, deviation from sample

mean)”

L.(Dummy for negative change inthe 229.2*

effective exchange rate).

L.(FDI capital inflow, 3-month 0.09

average, deviation from sample

mean), lagged

L. A(12-months inflation rat€) -183.5

Volume of foreign currency trading 0.42%** 0.44*** 0.43*** 0.42%** 0.47***
by foreigners, deviation from sample

mean

L. A(GDP, 3-months average) -90.0*1
Const. -385.8* 3223~ 2875 3183* 2959*
Adj. R? 0.41 0.39 0.39 0.39 0.42
Partial R 0.28 0.23 0.21 0.23 0.28
Min. eigenvalue stat. (F) 4.00 4.83 5.87 477 5.01
(p-value) (0.00) (0.00) (0.00) (0.00) (0.00)
F for weak instr. (LIML) 4.45/3.34| 5.44/3.87 6.4638 | 5.44/3.87| 4.84/3.56
p-value for overidentification. 0.76 0.64 0.45 0.63 0.27

"Coefficient divided by 1,000. * Significant witl0%, ** 5%, *** 1%,

L. = Lagged 1-months=Delta log, difference for interest rates
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Table 3b: Instrumental variables LIML estimation of rate of change in the effective

nominal exchange rate (IV for purchases excl. gagg@gram), 9/2009-12/2015

Equation (1) (2) 3) 4) (5)
Estimated intervention (excluding. | 0.0079* 0.0088* 0.0093*| 0.0100*% 0.0095%
gas program) ®

Intervention according to gas 0.0010 0.0010 0.0010 0.0010
program

A(Bol — US federal funds rate -0.048*** | -0.045*** | -0.046*** [-0.047*** | -0.046***
differential)

A (dollar-currency basket exchange| -0.14* -0.13 -0.13 -0.13 -0.13
rate, [dxy])

A (Israel's 5-year CDS index) 0.08** 0.08** 0.68 | 0.08*** 0.08***
FDI capital inflow -0.004*** | -0.004*** | -0.004*** | -0.004*** | -0.004***
A (MSCI index, 3-months average) -0.26%%%  -0.27**F -0.28*** | -0.28*** | -0.28***
L.(current account, 3-months averagell.43*** | -1.68*** | -1.71*** |-1.76*** |-1.72%**
Const. 0.017*+* | 0.018** | 0.018** | 0.018*** | 0.018***
R? 0.21 0.19 0.17 0.13 0.16
RMSE 0.0115 0.0117 0.0118 0.012 0.011]

" Coefficient multiplied by 1,000. * Significant with0%, ** 5%, *** 1%
L. = Lagged 1-monthA=Delta log, difference for interest rates. A pagtchange in the

exchange rate=depreciation.
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Table 4a: First-stage estimation of Foreign exchamgpurchases — by periods, According
to eq. (1) in Table 1a, 9/2009-12/2015

Equation (1) (2) (3) (4) (5) (6)

Period 2009.9-
2009.9- | 2009.9-| 2009.9-| 2013.4-| 2011.8-|2011.7 &
2015.12| 2011.7 | 2013.3 | 2015.12| 2015.12| 2013.4-

2015.12

No. of observations 76 23 43 33 53 56

A(Bol — US federal funds rate 1.03** | 3.04** | 1.59** -1.19 -0.21 1.48*

differential)”

A (dollar-currency basket exchange r¢  -5.3 -9.9 -2.5 -4.6 -4.0 -6.9

[dxy])

A (Israel's 5-year CDS indeX) -1.22 -1.85 -2.40* 2.45 0.88 -1.22

FDI capital inflow 0.09* -0.29* 0.02 -0.01 0.09* 0.09

A (MSCI index, 3-months average) 2.62 16.7 -2.53 0.52 -0.39 10.0

L.(current account, 3-months averagd 47.2* | 238.0* | -13.3 44.7 26.8 | 126.1**

Purchases in the framework of the gas 0.42 -- -- 0.79 1.22** 0.51

program

L.(Deviations from the real exchange| -8.8** -37.9 5.9* 4.1 -18.6 -12.2%

rate equilibrium, 3-month average)

L.(Forex reserves to GDP at a fixed -95 -12.3 -6.58 -12.3 -1.62 -10.0

exchange rate, deviation from samplg

mean)”

L.(Dummy for negative change in the| 296.4 334.1 | 370.0* 1875 64.5 240.5

effective exchange rate).

Volume of foreign currency trading by 0.58*** | 1.09*** | 1.00*** | -0.16 -0.12 | 0.64***

foreigners, deviation from sample mean

L.(The change in export volume, 12- | -45.7** | -144.8* | -362.7 38.5 -5.52 -61.5*%

months average). #

Const. 2414 1543 2033 3415 160.9 1738

Adj. R? 0.46 0.69 0.64 -0.03 0.40 0.35

Partial R 0.33 0.72 0.54 0.14 0.26 0.31

Min. eigenvalue stat. (F) 5.07 5.74 7.33 0.55 2.58 3.23

(p-value) (0.00) | (0.00) | (0.01) | (0.77) | (0.05) | (0.01)

F for weak instr. (LIML) 4.45/3.344.84/3.56 4.84/3.56 4.45/3.34 4.45/3.34 4.45/3.34

p-value for overidentification. 0.37 0.08 0.07 0.44 0.14 0.33

# Coefficient divided by 1,000. * Significant wittD%, ** 5%, *** 1%
L. = Lagged 1-monthA=Delta log, difference for interest rates
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Table 4b: Instrumental variables LIML estimation of rate of change in the effective nominal
exchange rate — by periods, 9/2009-12/2015

Equation 1) (2) 3) (4) (5) (6)
Period 2009.9-| 2009.9- | 2009.9- | 2013.4- | 2011.8- | 2009.9-
2015.12 | 2011.7 | 2013.3 | 2015.12| 2015.12 | 2011.7 &
2013.4-
2015.12
No. of observations 76 23 43 33 53 56
Estimated intervention » 0.0075¢  -0.0039 0.0027 00.0 0.027* | 0.0016
A(Bol — US federal funds rate |-0.044*** | -0.054*** | -0.047*** | -0.003 -0.024 | -0.046**
differential)
A (dollar-currency basket -0.14* | -0.48** | -0.32*** 0.43 0.062 -0.17**
exchange rate, [dxy])
A (Israel's 5-year CDS index) 0.08**t  0.10**1 0.1t -0.17 0.01 0.05**
FDI capital inflow » -0.004***| -0.004** | -0.003* -0.005 | -0.005**4 -0.004***
A (MSCI index, 3-months -0.26*** 0.17 -0.21** -0.85 -0.43*** -0.13
average)
L.(current account, 3-months | -1.55*** 1.37 -0.87* -6.00 -2.95%** -1.62*
average)
Const. 0.017 -0.004 0.013* 0.020]  0.022*r* 0.022*f
R? 0.24 0.73 0.51 - 0.37
RMSE 0.0113 0.007 0.0097 0.0334 0.01b 0.0¢

" Coefficient multiplied by 1,000’ coefficient divided by 1000. * Significant with &€ ** 5%, *** 1%
L. = Lagged 1-monthA=Delta log, difference for interest rates. A pagtchange in the exchange

rate=depreciation.
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Appendix 1: The Identifying Variables in the Equation for the Intervention in the
Foreign Exchange Market
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The Monthly Standard Deviation of the
Exchange Rate
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Appendix 2: Explanatory Variables in the Exchange Rte Equation

DXY Exchange Rate

Israel's 5-year CDS Index
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